The hydrodistilled oils from the aerial parts of Bupleurum montanum and B. plantagineum, which are endemic to North Africa, including Algeria, were analyzed by gas chromatography-mass spectrometry (GC-MS). Ninety-eight compounds were detected in the oil of B. montanum, representing 98.6% of the total oil, and 68 in the oil of B. plantagineum, representing 99.8% of the total. Megastigma-4,6-(E),8(2)-triene was the major constituent of B. montana oil (25.3%). Other important compounds were myrcene, α-pinene and benzyl tiglate. Conversely, the major constituents of the oil of B. plantagineum were α-pinene (31.9%), cis-chrysanthenyl acetate (28.2%), and myrcene (24.8%), followed by the monoterpene hydrocarbon limonene (5.1%). The mutagenic, antiplasmodial and antimicrobial activities of the essential oils were individually evaluated against eleven microorganisms, using the agar diffusion method, by determination of MIC values. The investigated oils exhibited moderate antimicrobial activity. Maximum activity of the oils was observed against Nocardia asteroides, Staphylococcus aureus and Enterococcus faecalis. Fungicidal activity against Candida albicans was also found for both oils.
The genus Bupleurum, family Apiaceae, is widespread in the Mediterranean. About 180 species are distributed in the North Temperate Zone, one, B. mundtii Chamisso & Schlechtendal, is indigenous to South Africa, but has been introduced into Australasia, and 42 species are found in China, of which 22 are endemic [1] . The flora of Algeria contains 14 species of Bupleurum with 5 endemic species (B. plantagineum Desf., B. atlanticum Murb., B. montanum Coss., B. balansae Boiss. et Reut., B. oligactis Boiss.) [2] . Extracts and essential oils of Bupleurum species have been largely used in traditional medicine for their anti-inflammatory and antiseptic activities [3] . A few studies of Bupleurum oils have been undertaken, but, as far as we could ascertain, the chemical composition and antimicrobial activities of B. plantagineum and B. montanum (syn. B. baboranum Debeaux & E. Rev. ex H. Wolff) essential oils have not previously been published. Regarding our investigations of B. montanum quercitin, tamarixetin isorhamnetin-3rutinoside and kaempferol-3-rutinoside were isolated [4] . Previously, about 50 species from the genus have been studied chemically, resulting in the isolation of approximately 120 derivatives of saikosaponins [5a-5e], lignans, coumarins, flavonoids, polyacetylenes, polysaccharides, sterols, phenylpropanoids and organic acids. Moreover, some Bupleurum essential oils have been investigated [6a-6g] and more than 220 compounds have been identified in them [7] .
The essential oils of B. chinense, B. fruticosum and B. gibraltarium have demonstrated marked antiinflammatory effects [6a-6c,8] . The essential oil of B. fruticosum showed anti-microbial [9] , and antibacterial activity [10] . The present work examines the chemical composition of B. montanum and B. plantagineum essential oils, and their in vitro antimutagenic and antimicrobial properties.
The distillates of the aerial parts of B. montanum and B. plantagineum were light yellow and colorless oils, obtained in yields of 0.30 and 0.21%, based on the dry weight of the plants, respectively. The qualitative and quantitative analytical compositions of the two oils are shown in Table 1 . Ninety-eight compounds were identified in the oil of B. montanum, representing 98.6% of the total oil, and sixty-eight in that of B. plantagineum, representing 99.8% of the total oil. The components of B. montanum were mainly mono-and sesquiterpenes, dominated by megastigma-4,6-(E),8(2)-triene (25.3%), myrcene (17.2%), α-pinene (12.1%) and benzyl tiglate (7.7%), together with other minor components, such as limonene (4.4%) and caryophyllene oxide (3.4%). However, those of B. plantagineum were predominantly the monoterpenes, α-pinene (31.9%) and myrcene (24.8%); cis-chrysanthenyl acetate was also present at a concentration of 28.2% (cis-and trans-chrysanthenyl acetate constitute 22.3% of Tanacetum santolinoides essential oil [11] . α-Pinene, myrcene, limonene, (E)-β-caryophyllene and germacrene D were the five main common constituents of the essential oils. The main constituents of the essential oil of B. fruticosum micropropagated plants were βphellandrene (61%), sabinene (13%), terpinen-4-ol, tricyclene and bicyclogermacrene (3%). Concerning the field-grown B. fruticosum plants, the leaf essential oil showed the same major components as those detected in the micropropagated plants, while the stem oil showed γ-terpinene (50%) and α-phellandrene (18%) as the most important constituents [12] . To summarize, comparing the chemical composition of B. montanum oil with that of B. plantagineum revealed some differences concerning the main compounds [megastigma-4,6-(E),8(2)-triene (25.3%), benzyl tiglate (7.7%) and cis-chrysanthenyl acetate] and similarities concerning α-pinene, myrcene and other minor components, such as the monoterpene hydrocarbon limonene.
The antimicrobial activities of B. montanum and B. plantagineum essential oils were qualitatively and quantitatively assessed by evaluating zones of inhibition and MICs values against several bacteria (Tables 2 and 3 ). The results showed that the two fold dilution of B. plantagineum essential oil had marked antimicrobial activities, especially against S. aureus, N. asteroides and E. faecalis, but the same oil dilution showed little effect on E. coli, K. pneumoniae, S. haemolyticus, S. enteritidis and C. albicans in comparison with ampicillin and itraconazole, the antibacterial and antifungal standards, respectively. The other bacteria were also insensitive to the essential oil, even at the highest concentration used in this assay. The maximal inhibition zones for a two-fold dilution were in the range of 17-23 mm. The most strongly affected Gram-positive strain was N. asteroides, since the diameter of inhibition for the half dilution of the essential oil (23 mm) was superior to that of ampicillin. At the same dilution, the inhibition effect on fungal growth was of interest. A diameter of inhibition of about 18 mm was seen against C. albicans at the highest concentration used, which is less than that produced by itraconazole (26 mm).
The antibacterial activities of B. montanum and B. plantagineum may be attributed to the high α-pinene, myrcene and limonene contents, which have been tested previously and found to have significant antibiotic activity [13] .
Escherichia coli PQ 37 was originally developed to screen chemical mutagens using the SOS Chromotest. We report here, for the first time, the antimutagenic results produced with B. montanum and B. plantagineum oils. No mutagenic effect of B. montanum essential oil was observed at the concentrations tested (crude extract, 1/2, 1/5 and 1/10 dilutions). However, mutagenic activity against Escherichia coli PQ 37 strain was demonstrated by B. plantagineum oil.
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Isolation and GC-MS of essential oil:
The air-dried aerial parts of both species were separately subjected to hydrodistillation using a Clevenger-type apparatus for 3 h. The essential oils obtained were dried over anhydrous sodium sulfate and stored in colored sealed vials at low temperature (4°C). GC-MS Analysis of the volatile oils was performed using a GC HP 6890 (Agilent Technologies, USA) under the experimental conditions as reported earlier [14] . 
Determination of antimicrobial activity:
The antibacterial activity of the essential oil was evaluated using a modified agar diffusion method [15] , with a dilution of 100 μL of suspension of the tested microorganisms in 10 mL nutrient broth, containing 2.0 x 10 6 colony forming units (CFU/mL) for bacteria, 10 7 CFU/mL for yeast, and 2.0 x 10 5 spore/mL for fungi, spread on Mueller-Hinton agar (LB), BHI medium, Malt extract agar and Sabouraud dextrose agar (SDA) sterilized in a flask and cooled to 45-50°C were placed in 12 cm square Petri dishes (40 mL). The microbial suspension (10 mL) was spread on the solid media plates. Dilute essential oil solution (5 µL of 1/2, 1/5 and 1/10 v/v) in DMSO, [16] . Resazurin salt powder (Sigma) was prepared at 0.01% (w/v) in distilled water, sterilized by filtration through a 0.22 μm membrane and stored at 4°C for a week. Drug stock solutions were prepared in dimethylsulfoxide (DMSO) at a concentration of 50 mg/mL and frozen until used. The inocula were prepared from M. tuberculosis H37Rv strains grown in Dubos medium supplemented with 10% ADC enrichment (Difco). Two microliters of two-fold serial dilutions of each essential oil were prepared in 100 μL of Dubos medium directly in 96-well plates at concentrations ranging from 50 μg/mL to 0.02 μg/mL. Growth controls containing DMSO and isoniazid (from 1 μg/mL to 1 ng/mL) were also included. The plates were covered, sealed and incubated at 37°C. After 6 days, 30 μL of resazurin solution was added to each well and the plates were allowed to incubate at 37°C for an additional 24 h. A change from blue to pink indicates reduction of resazurin and, therefore, bacterial growth. The MIC was defined as the lowest drug concentration that prevented this colour change.
Genotoxicity assay

SOS-chromotest:
The capacity of the drugs to induce DNA damage was monitored by the SOSchromotest [17] . This test is based on a genetically engineered E. coli strain PQ37, which was grown at 37°C in Luria-Bertain (LB) media, supplemented with 50µg /mL ampicillin, until a 600 nm-optical density of 0.4 was obtained. The strain which measures the primary response of a cell to genotoxic damage was licensed from the Pasteur Institute,. This strain harbours the lacZ gene under the control of sfiA, a gene involved in the SOS response. DNA damage results in the activation of the SOS system, which in turn induces the transcription and synthesis of β-galactosidase. This enzyme is detected by a chromogenic reaction with the substrate X-gal.
Antiplasmodial test: Extracts were tested against the chloroquine-resistant FcB1/Colombia strain of Plasmodium falciparum (IC 50 value for chloroquine 0.052 µg/ mL) [18] , which was maintained continuously in vitro in human erythrocytes, according to Trager and Jensen [19] . Antiplasmodial activity was determined according to Desjardins et al. [20] . The extracts were dissolved in dimethylsulfoxide and tested at a concentration of10 µg/mL. Compounds showing significant inhibition rates were submitted to serial dilutions with culture medium before being added to asynchronous parasite cultures (1% parasitemia and 1% final hematocrite) in 96-well microplates for 24 h at 37°C. A concentration of 0.5µCi of [ 3 H] hypoxanthine was then added to each well, and parasites were maintained for an additional 24 h. The growth inhibition for each compound concentration was determined by comparing the radioactivity incorporated in the treated culture with that in the control culture maintained on the same plate. The concentrations causing 50% inhibition of parasite growth (IC 50 ) were calculated from the drug concentration-response curves.
